Animals develop an aversion to flavors that have toxic consequences. Events occurring during the delay between the administration of the flavor and the onset of sickness are known to influence the degree of aversion. In the present study, aversion was obtained to a novel flavor, sucrose, despite the introduction of three other novel solutions (NaCl, vinegar, and coffee, presented in that order) during a 40-min delay to lithium-chloride toxicosis. When the test stimulus was coffee instead of sucrose and the amounts of consumption of the interfering flavors (vinegar, NaCl, and sucrose, presented in that order) were equated, a lesser degree of aversion was obtained, compared to the condition in which interfering solutions were allowed to be consumed in greater quantities. Aversion was not demonstrated in the latter case. In all conditions, aversions were obtained to the flavors closest in time to sickness, independent of their taste quality and the amounts of consumption of the preceding flavors. In general, coffee tended to be better interfered with by the three novel flavors, rather than with sucrose. Relatively greater consumption of the interfering flavors tended to produce greater interference, but this was thought to be interacting with the taste quality of the flavors involved.
Animals develop an aversion to flavors that have toxic consequences (Garcia, Kimeldorf, & Koelling , 1955; Revusky & Bedarf, 1967) . In this paradigm, an animal is fed a nonnutritive substance, such as saccharin, and is later subjected to a mild toxicosis by such means as injection of poison-like lithium chloride or x-irradiation, After recovering from the sickness, the animals avoid the flavored solution.
Taste-aversion learning has been demonstrated to occur with one pairing and over long delays of the CS-US interval (Garcia, Ervin, & Koelling, 1966; Nachman, 1970 ; Revusky, 1968; Smith & Roll, 1967 ; Rozin & Ree, 1972) . Several explanatory models have been offered in an attempt to explain this long-delay phenomenon. It has been argued that the associative strength of a stimulus with a conse quence depends, in part, on the relevance of the stimulus to the consequence (Garcia & Koelling, 1966 ; Garcia & Ervin, 1966; Dietz & Capreta , 1967) . Perhaps long delays in taste-aversion learning are possible because of the associative strength and relevance of toxicosis to injestin. Revusky (1971) argues that , although the learning of flavor aversions may follow the rules of the traditional associative model, the unique characteristic of long delays may be explained in terms of the lack of relevant interfering cues (other tastes) between the prior event of ingestion and the gastrointestinal consequence of sickness. This interpretation brings about the assumption 'This report is based upon a thesis submitted by the first author to the American University of Beirut in partial fulfillment of the requirements for the MA degree. Requests for reprints should be sent to Tom Gorrv, Psychology Department, American University of Beirut, P.O. Box 236. Beirut, Lebanon. that, theoretically, if there are no relevant interfering stimuli, the delay period can be extended indefinitely. Practically, this do es not seem to be the case. A number of studies have shown that increases in the delay cause decreases in learned aversion (Kalat & Rozin, 1971 ; Revusky, 1968; Smith & Roll, 1967) . Kalat and Rozin (1971) do not accept interference of relevant events as the sole explanation of long-delay learning. They offer the model of slow, "active" decay process whereby the "safety" of the CS is being learned. Kalat and Rozin (1971) obtained a gradient of delay when no taste was available during the CS-US int erval. Furthermore, even after introducing three novel substances during the delay interval, aversion to a sucrose test stimulus was obtained . However, there was a considerable decrease in the magnitude of the aversion , suggesting that some interference might have taken place . In the Kalat and Rozin (1971) experiment , four tests were presented sequentially in an interval of 30 min. Sucrose was always the test solution and was presented either first or second aft er casein hydrolysate. The other substances were NaCI and coffee. The quantity of the consumed substances were not controlled.
It is a well-documented fact that stimulus magnitude and temporal contiguity are important parameters in learning (Kimble, 1961) . Therefore, in the first experiment, an attempt was made to replicate the Kalat and Rozin (1971) 
Results
During th e treatment, flavors were consumed in differe nt amount s. Figure 1 represents the mean volume of the different flavors consumed b y the TIME group over a 2~-mi n exposure to each. Analysis of variance indicated significant differences in the consumptions, F(3,27) = 6.89 , p < .00 5, and the t test for differences among several means (Bruning & Kintz, 1968) showed that sucrose was consumed significantly more than NaCI (p < .0 5 ), vinegar, and coffee (ps < .0 1). The QUANTITY group consumed all of the provided solutions of each of the flavors. Table 1 presents the median consumpt ion of sucrose (the first flavor) and water by the three groups in Experiment I. The Mann-Whitney U test was carried out (Siegel, 1956 ) comparing the median sucrose intake of the groups . The TIME group and the QUANTITY group were significantly less than the CONTROL group (U=I O.OO, p< .02, and U=13.50 , p< .02, respectively). The comparison of the QUANTITY and the TIME groups did not yield significance , although a trend of lesser aversion was apparent in the QUANTITY group . Table 1 also shows the median consumption of coffee (the last flavor) , during the second testing session, by the three groups. The Mann-Whitney U test indicated that the TIME and QUANTITY groups had consumed significantly less coffee than the CONTROL group (U = 6.0, p < .00 1, and U = 7 .5, p < .00 1, respectively), and were not different from each other.
Forty-seven hour s aft er th e tr eatment, a 20-min, two-bottle preference test for sucrose was given. One bottle conta ined ordi nary tap water and the oth er a concentrati on of sucrose equal to that used during tr eatm ent. The position of the bottles were counterbalanced with in each group . Each rat was made to take several licks at both bottles before they were inserted int o the cages. Forty-seven hours after th e sucrose preference test, coffee (the last stimulus) aversion was measured in a 20-min one-bott le test. A one-bottle test makes the anim al drink some of the unpreferred solution and thu s prevent s floor effect. of interfering flavors would preclude aversion learning altogether.
Method
Subjects. Th irty female rat s, weighing 100-150 g and derived from the Sprague-Dawley strain of the animal house of the American University of Beirut, Lebanon , were used as Ss.
Procedure. Rat s were hou sed in individual mesh-wire cages. Two day s of acclimation period were allowed when food (Vitasni , lab chow) and tap water were made available ad lib. Tap water was presented in two bottles. One rat died during acclimation. On Day 3, rat s were randomly assigned to thre e gro ups. Pretraining commenced to familiarize th em with th e treatment drinking pro cedur es, except that all th e solut io ns were tap wat er. Pret raining went o n for five sessions under a 47-h wa ter-depr ivat ion schedule.
Th e treat ment procedur es were as follows: A gro up of 10 rat s, the QUANTITY group , were administered sucrose, NaCl, vinegar , and coffee solutions (in that order) in equal 4-ml quantit ies. Th ere were 10-min intervals between the presentations of each flavor. Each solution was presented for 7% min, which was enough time for the consumption of the available solutions. There was a 2%-min delay between the removal of one flavor and the presentation of the next. After the coffee consumption, there was a 2%-min delay to toxico sis. Another group of 10 rats, the TIME group , was presented with the same solutions, in the same order, in unlimited amounts, but for a constant duration of 2Yz min only . There was a delay of 7% min b etween the removal of one flavor and the presentation of another. Afte r the presentation of th e coffee, there was a 7%-min delay to to xicosis. In a third group of 9 rat s, the CONTROL group, 4 ml of sucrose wa s presented for 7% min and then there was a delay of 6% h to to xicosis. Two hours before the administration of the test stimulus, 12 ml of tap water was made available for 30 min.
The flavors were solutions of 10% (WIV) sucrose : 0.15 M NaCI; 3% (V/V) Heinz cider vinegar; and 1% (W/W) Maxwell House instant coffee . Sucrose was the test stimulus in all cases. The overall delay between exposure to sucrose and toxicosis was 40 min for the QUANTITY and TIME groups. The 6Yz-h delay in the CONTROL group has been shown not to produce learned aversion to sucrose (Kalat & Rozin, 1971 ). This offers a control for familiarization with sucrose and unconditioned effects of th e poisoning substance . Toxicosis was induced b y IP injections of 20 rnljkg of 0.15 M lithium-chloride solution. aversions. However, to interpret these findings as aversion-acquired, in spite of the ingestion of three novel interfering substances without regard to the relative amounts of consumption of the test and the interfering stimuli, may be premature. Examination of Fig. 1 indicates that the sucrose intake of the TIME group, on the average, is the same as that of the QUANTITY group , while the relative intake of the interfering flavors were different.
As expected, there was very strong aversion to coffee (the last flavor) by both groups. This effect may be attributed to the temporal proximity of coffee to the onset of sickness. In spite of the fact that the flavors consumed before coffee may have had interfering effects (Revusky, 1970) , learned aversion to coffee was demonstrated. It should be noted also that preference for coffee was tested 4 days after treatment and 47 h after the test for sucrose preference.
EXPERIMENT II
In the first experiment, the preference for sucrose by the QUANTITY group was indicative of the greater interfering effect of the three flavors consumed in constant amounts during the delay between the sucrose intake and the administration of toxicosis. The second experiment was designed to maximize the interfering effects. In order ,to do this, the sequence of the flavors given during the treatment in Experiment I was reversed so that the preferred substances being presented later would be consumed in greater amounts than the 'earlier flavors, and aan unpreferred flavor (coffee) would become the test stimulus.
Method
Subjects. Thirty-two rats from the Sprague-Dawley strain, 50-100 g, obtained from the Animal Supplier s, London, were used as Ss. One animal from the QUANTITY group and one from the CONTROL group died before the testing session. There were 9, 10, and 11 rats in the QUANTITY, TIME, and CONTROL group s, respectively.
Procedure. The procedure was similar to that of Experiment I for all three groups, with the following differences; The order of presenta tion of the flavors was reversed and coffee became the first, or the test, stimulus; the groups were matched by sex as well as by weight ; a 23-h water-deprivation schedule was followed instead of a 47-h schedule; since the animals in this experiment were smaller, the amounts of the fluids were adjusted such that the CONTROL group drank 7Yz ml (instead of 12 ml) 2 h before the treatment and 2Yz ml (instead of 4 ml) of the test stimulus during treatment, and the QUANTITY group was given 2Yz ml (instead of 4 ml), at a time, of a particular flavor; forty-seven hours after treatment (to allow for recovery from toxicosis) a one-bottle test (instead of a two-bottle test) for coffee preference was given to the groups. On the following day, preference for the last flavor (sucrose) was measured by another 20-min one-bottle test. The duration of exposure to a particular flavor for the TIME group was again 2Yz min long.
Results
Figure 2 presents the mean volume of the different flavors consumed by the TIME group over 2~-min exposure to each during treatment. Analysis of variance showed significant differences between the mean consumption of different flavors, F(3 ,27) = 18.63, p< .001, and the t test for differences among several means showed that coffee was consumed significantly more than vinegar (p .< .0 1), but significantly less than NaCl (p < .05) and sucrose (p < .01). The QUANTITY group consumed all of the provided solutions of each of the flavors. Table 2 presents the median coffee consumption of three groups during the testing session. The Mann-Whitney U test revealed that the median of the QUANTITY group was less than that of the TIME group (U = 23 .00, P < .10) but not different from the median of the CONTROL group.t The medians of the TIME and CONTROL groups were not different from each other. Table 2 indicates also the median consumption volume of sucrose (the last flavor) by the three groups . The Mann-Whitney U test indicated that the medians of the TIME group and the QUANTITY group were less than the CONTROL group's (U = 30.50, P < .IO, and U = 14.00, p.< .02, respectively), and not different from each other.
Discussion
In the second experiment , no aversion was demonstrated by either of the groups, compared to the CONTROL group. However , the aversion demonstrated by the QUANTITY group was greater, compared to the TIME group. This may suggest the possibility that the greater consumption of the interfering stimuli by the TIME group may have interfered to a greater extent than it did in the case of the QUANTITY group, where the test stimulus and the interfering stimuli were consumed in equal amounts. As in the first experiment, aversion to the flavor consumed last (sucrose) was obtained . Here too, aversion was demonstrated despite the probability of extinction over time and interference from flavors consumed earlier .
Taken together, these data indicate that learning does take place in spite of large amounts of interference even when the degre e of interference was controlled, with respect to amounts of intake. This replication of Kalat and Rozin's (1971) findings seriously qualified Revusky's assertion that interference is the single parameter of learning and forgetting in taste-aversion learning. However , it must be noted that interference does preclude learning under certain stimulus conditions.
Looking at the coffee aversion in both experiments, and under both experimental conditions, it may be noticed that when coffee was closer in time to toxicosis, as the last flavor presented, strong aversions were obtained. However , when it preceded three other flavors as the first flavor presented, animals failed to show aversion, compared to controls. Looking at the sucrose aversion in both experiments, and under both conditions, it may be observed that aversions were demonstrated, regardless of whether it was the first or the last flavor presented . Thus, while three interfering flavors produced a strong enough effect to block conditioned aversion to coffee, sucrose appeared to be less sensitive to the interference of three novel flavors . This may suggest that stimuli of different taste quality may be differently influenced by interfering events during the delay between injestion and toxicosis . In the light of data which show that different tastes may demonstrate differential associability to toxicosis (Kalat & Rozin, 1970) , that taste quality may determine adequacy as conditioned stimulus (Brackbill et al, 1971) , and that the natural preference level could be a factor in producing differential aversion (Sutker, 1971) , the above suggestion gains further feasibility. Perhaps the quality of interfering flavors is important to consider as well.
Although this study was not designed to determine the qualitative stimulus values in interference, the data form a descriptive picture of a complex relationship between stimulus quality, amounts of consumption, and order of presentation as effective parameters of interference .
